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The perioa and damping of the   l a te ra l   osc i l la t ion  of the Bell 
X-1 research  airplane have  been calculated f o r  a range of Mach numbers 
and wing loadkgs  for al t i tude of 30,000 feet .  The calculations 
included an investigation of the effect of various  parameters. The 
calculations  indicate that according to  current  f lyingquality  require- 
ments the damping of the lateral oscil lation is unsatisfactory  for 
practically all condi t im  hvea t iga ted .   F l igh t  r e s u l t a  indicate even 
poorer damping of the lateral oscil lation. However, there is strong 
evidence tha t  the yawing moment due t o  rollFng  velocity i s  probably very 
much less than the theoretical  values and may even be zero. If a zero 
value of the ya-dng mcrment due t o  r w  velocity is assumed and combined 
with only a 2percen.t  reduction In the value of the yawing mormsnt due 
t o  yawing velocity,  the  calculations  for  the damping of the lateral 
oscil lation m e  found t o  be fn g o d  agreement with the flight results.  

Reference 1 presents  charts f r o a n  which estimates of the dynamic- 
lateral-6tabil i ty  characterist ics of a i r c ra f t  with l i gh t  wing loadings 
can be made. Subsequent studies  (referencee  2 and 3 ) ,  however, have 
indicated that for aircraf t   u i th   re la t ively heavy wTng loadings and 
flying at high  altitudes t h e  number of important  varriables  involved makes 
it impractical t o  comtruct  generalized  charta even when the   s tab i l i ty  
derivatives  involved are accurately b o r n .  Therefore,  each  configuration 
must be studied  separately and in detail. 

The pvrpotire of the  present  investigation was t o  calculate the period 
and damping of the   l a te ra l   osc i l la t ion  of the Alr Force4ACA sponsored 

f r o m  0.4 t o  1.4 for  several flight conditiona. I m u c h  as there is  con- 
siderable  uncertainty  in  regard t o  the values of some of the s t ab i l i t y  

.. Bell X 4  transonic  research alrplane (see f ig .  I) at Mach numbers ranging 

* 
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rollinginoment  coefficient (Rolling mment/qSb) 

v c  presmre, pounds per square foot (w2/2) 

rmss density of air, slugs per cubic  foot 

airplane  velocity, feet per second. 

wing area, squaxe feet 

wing span, f ee t  

weight of airplane, pounds 

maas of airplane, slugs (w/g> 

acceleration- of gravity,  feet  per second per second 

relative-density  factor (m/PSb) 

radius of ggration in  roll about prhcipal  longitudinal asis,  
feet 

radius of gyration in yaw about principal normal axis, fee t  

angle of aideslip, radiam 

angle of attack of airplane reference axis,  degrees (see  f ig .  2) 

@e of attack of principal longitudinal axis of airplane, 
degrees (see fig. 2) 

a. 

4 
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E angle between reference ax3.a and principal axis, degrees 

(see fig. 2) 

7 angle of flight path t o  horizantd,  degrees (see fig. 2) 

r yawing an@;uls3. velocity, radians per second 

P rolling asgular velocity, radians per 'secmd 

M Mach number (V/a) 

a local- speed of sound, feet per second 

3 

t 



E angle between reference axis and principal &e, degree8 

Y of flight path t o  har fzmta l ,  degFees (see ftg. 2) 

(see fig. 2) 

M Mach number (V/a) 

a l oca l  speed of sound, feet per second 

3 



4 NACA RM LgKOlCa 

P period of the  lateral   oscil lation, seconds 

r 
1/2 

time f o r  l a t e ra l   o sc i l l a t ion   t o  reduce to   ha l f  amBlitude, 
seconds 

1 

'112 cycles  for  lateral   oscil lations to reduce t o  ha l f   aq l f tude  

A l l  calculations  in  this  investigation were made by the methods of 
'eference 3. The calculations  included the effect  of Mech  number and 
ring loading on the period and damping of the lateral oscfllation and 
,he effect  of changes in   the magnitude of EOEI of the parameters on the 
reriod and  damping. 

The values of the mass and the aero-c par.ameters used for the 
msic investigation are presented in  table I. The lowapeed  static- 
kabili ty  derivatives C C2 and Cyp were obtained from unpublished 

d.nd-tunm1 data. These parameters were corrected  for  subsonic  cme 
?ressiiiility  effects by e.seimIng tha t  the wing-fuselage contribution was 
maffected by cmpressibil l ty while the tail contributim t o  these pmaru- 
eters could  be corrected by the three-dimensional  Prandtl-Glauert trans- 
formation (reference 4). The values of the  dampln@~liroll parameter C 

through  the Mach  number range were obtained from reference 5. The incone 
pressible'values of the wing contribution t o  the  rotary  derivatives C 

Cn , and C were obtained from reference 6 and were corrected  for COIP 

pressibil l ty by the method of reference 7. The ve r t i ca l  tail contributions 
to  the  rotary  derivatives were estimated by the method of reference 8 
zing values of the t a i l  contribution to Cy W c h  were corrected f o r  

compressibility 

%' B' 
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The aerodyaanic  characteristics f o r  the  supersmic  case were 
estimated with the aid of refere- 9 and 10. 

Basic  conditim.- The period and damping of the lateral oscil lation 
f o r  several wing loadFngs through the Mach  nlrmber rmge *can 0.40 t o  0.75 
at an al t i tude 'of 30,000 feet are presented in figure 3. The resu l t s  
indicate that increasing the Mach number caused  a decrease in  the  period 
while increasing the w i n g  .loading caused e slight increase in the  period. 
The effect  of  Mach  number and xiqrrloading on the m i n g  is not  very 
consistent  but,  in  general, it can be sald that at the higher Mach 
nmibers an increase in the Hng l&ding increases the tFme required t o  
dmrp the  oscil lation t o  one-half of L t s  o r i g h a l  amplitude. Also presented 
in figure 3 is a cogpaison of the damping chmacterist ics with the 
requirements for satisfactory damping of the   l a te ra l   osc i l la t ion  88 se t  
for th   in   reference ll. On the  basis of these  requirementa, it can be 
seen that the denping of the osci l la t ion would.be unsatisfactory  for Mach 
numbers above about 0.50. 

The resul ts  of the  calculations made at a supersonic Mach nmber 
of 1.4 are  presented in figure 4 a8 charts of the vmiation of the 
period and the tFms and cgcles t o  d m ~  to o n d a l f  anglitude with wing 
loadin@;. The results  indicate,  as w88 the caGe in  the subsonic range, 
that although the wing icading has l i t t l e   e f f e c t  on the period of the 
oacillatian  increasing  the wing  loading f r o m  54 t o  pounds per  square 
foot increases Tl/2 frcm 1.2 seconds to 4.6 seconds and C from 1.6 . 

t o  4.8. A l s o  presented in figure 4 is a cmqarieon of t h e   d m p i q  
characteristics with the requirementa set forth in reference 11 for  
periods less than 2 secmds. The results indicate that according t o  
t h i s  c r i t e r i o n , t h e   d q i n g  of the  osciILat$on is m a t i s f a c t o r y  at a 
Mach  number of 1.4 f o r  wing loadings above about 63. 

112 

Effect of various  parameterse- Inaslnuch as no wind-tunnel data axe 
available f o r  the rotmy  derivatives of t h i s  aLrglane and s i n c e   l f t t l e  
i s  known about the effects  of compressibility on these parameters, some 
addi t ional  calculations were made t o  determine  the  effect of changes in  
these parameters OR the period and damping of the  oscillation. Condl- 
di t ion 10 ( table  I) was chosen for the  basic  condition and the  resul ts  
of variations fram the basic  canditicm are presented in figure 5. The 
results  indicate that changes in the rot-  derivatives 88 much as -+50 per- 
cent have a negligible  effect on the  period of the   la teral   osci l la t ion.  
However, the  effect  on the time .fzr the  osci l la t ion  to  damp t o   o n e a f  
of the  original amplitude is  more pronounced and for  this configuration 
the damping-fn-yaw parameter C ' l a  the m o s t  important of the rot- 
derivatives. n r  

. -  
A.  
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Comparison v i th  flight resulte.-A time historg of the stlck-fixed 
lateral osciUation of t h e  a d d  airpa i s  preeented tn figure 6 .  
T h i s  record was obtained in &id% flight a6 an a l t i tude  of 32,000 feet ,  
a Mach number of 0.75, and a wing loading o f  about 85 pounds per s q w e  
foot . (See reference 12. ) The flight tests indicate a perl.od of the . 
lateral osci l la t ion of about 1.8 seconcisr which is in fair agrement- 
with the  calculated p r i d o f  about 1.3 eeconds. (See f ig .  3.)  
Although the calculatians indicate, according t o   c u r r e n t f l y i n e  
qual i t ies  requiremente, that the damping of the osci l la t ion is  matis- 
factory, they do not indicate it t o  be aa poor as the flightTesults 
show. According t o  the fli&t results,  the the required  to  damp the 

while the calculations  give  about 2.7 seconda, 
. osc i l l a t ion   t o  one- of i ts  yiginal  amplitude la abaut 6.5 seconds 

Inasmuch as the C ~ c i i i Z ~ o n s  did not check the flight results,  an 
. .  . 

attempt was made t o  determine the came of this discrepancy. As waa 
pointed  out  in  the  previous  section, less is probably known about the 
rotary  derivatives of t h i s  airplane than aboutany of the other  parametere 
necessaq  for  the calculation of the period and damping of the lateral 
oscillation.  Figure 5 indicates that decreases in C or  C or 

both f r a m  the assumed values might account for the dimrepancy in  the 
damping. Reference 13 and 8m.e recent  unpublished results obtained . 
by both  the  rollingeflow %rid forced-rotation methods indicate that the 
t a i l  contribution  to C is  mch less than  that  indicated by the  theory 

of reference 8 and, .in sane cases, it has been found t o  be zero. It is  
also quite  possible % h a %  separation and walre,.eff'ects might, at least i n  
the " e n g l e  range, .Cause a c6iikiderable  decrease i n  C The resulte 

ofaddi t iona l  cdcula-tl-ons inmetigating the individual and combined 

4 =P 

np 

nr -. 
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effects  of lossee in C and C are presented In the  following 

table wing conditian 15 (table I) as the  base: 
nr "p 

[ Condition 

15 (table I) 
15 -A 

15 - c 

15 "E 

15 "B 

15 "D 

Flight  results 

-0.276 -. 276 -. 276 -. 210 -. 138 -. 170 
""" 

0.094 
0 -. 015 
0 
0 
0 ""_ i 5 / 2  

2-71 
3-75 
3-99 
5.12 
8.47 
6.56 
6.5 

The results  fndicate that even a zero tail contribution to C 
"p 

which  results in a negative  value  for  the total, (condition 15 -B) does 
not, by itself,  account  for the  discrepancy in the  aRmping. However, 
when a zero value of C was cdbined with various value8 of C 

it was found that a reduction in C of only about 20 percent 

(condition 15 - E) was required to  brfng  the  cdculatlons in agreement 
dth the  Plight results. 

"p ar 
9. 

Based on calculations of the lateral  oscillation of the B e l l  
X-1 transonic  research Eairpla;ne, the following cmclusiona have been 
reached: 

1. Theoretical  conputations  indicate that, accordlng to current 
f ly lngqua l i ty  requirements,  the  damping  of  the lateral oscillation 
would be comidered uneatisfactory for Mach numbers f'rcm about 0.50 
to 0.75, (the  highest  subsonic  case  investigated)  for all wing loadings 
and f o r  wlng loadings abwe about 65 f o r  a Mach number of 1.4 (the only 
supersonic  case  inveetigated) . 

2. Flight  results  indicate even poorer damping of the  lateral 
oscillation. However, there is strong evidence  that  the yawing moment 
due  to ro l l i ng  velocity is probably very much l e s a  than the  theoretical 
values and mag even be zero. If a zero value of the  yawing  moment  due 
to rolling  velocity is a8sumsd and ccrmbined with only a 2C%percent 
reduction in the value  of  the  moment  due to  yawing velocity,  the 
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calculations for the damping of.the lateral o s c i l l a t i m m e  found to be 
i n  good ageement.with theflight results. 

Langley Aeronautical  Lab6ratory 
National AdvisLsrg Canrmlttee f o r  Aeronautica 

Langley A i r  Force Base, Va. 

t' 
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Figure 1.- Drawing of Bell X-1 transodic reeearch airplane. 
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VS 
Figure 4. - E m t  of wing loading &the period ana danrpixg of -the Lateral 

osclllation. M = 1.5; altitude .i= 30,OOO feet. 
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~ 1 -  5.- Effect of the rotary derivatives, %he inclination of the prlncjrpal &E and the flight path 
angle on the period and aamping of the lateral oecillation. M 0.75; altitude m 30,000 feet; 
W 
3 - = 65. 
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Figure 6 . -  Ipime hietory of the stick-fixed lateral oscillation at a Mach number of about 0.75, en 
altitude o f  32,000 feet and a ving loading of about 85 (data Froan reference 12). e 
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